Introduction
In dairy herds, economic profitability is directly related to the reproductive performance of cows and milk yield. Low reproductive performance results in decreased peak milk yields owing to extended calving intervals and the delayed onset of lactation periods (1) . Intensive selection for milk yield and improvement in husbandry conditions have helped to achieve a dramatic increase in milk yield. However, fertility has not increased at the same rate (2, 3) . In Turkey, extending calving intervals for 1 day corresponds to 11 L of milk per dairy cow (4) . Similarly, in England it has been reported that each day without pregnancy, beginning from the 60th day after calving, costs 3 pounds sterling (5) .
One strategy for improving reproductive performance aims to shorten the calving-conception interval by rapidly diagnosing pregnant cows and inseminating nonpregnant cows (6, 7) .
As an alternative to transrectal ultrasonography and rectal palpation for diagnosing pregnancy, laboratory methods based on detecting specific antigens, such as pregnancy-associated glycoproteins (PAGs), are increasingly used for large cattle herds (6) . Certain PAGs produced by trophoblastic giant cells on the outer sheet of the placenta pass into the maternal peripheral blood after implantation (8) . Antibodies developed against PAGs can be detected by techniques such as radioimmunoassay (RIA) or enzyme-linked immunosorbent assay (ELISA) as early as 21 days after insemination, although the most reliable results are obtained after day 27 (9, 10) .
The ELISA test can be used under farm conditions and avoids the health risks for users associated with the radioactive substances used in RIA-based tests (11) . To date there are several reports (10) (11) (12) that confirm the utility of PAG levels for pregnancy diagnosis in cows. In this present study, we aimed to investigate the suitability of a commercial ELISA test kit to detect PAGs in the peripheral blood for early pregnancy diagnosis, as well as to compare plasma PAG levels during early pregnancy in both Holstein-Friesian heifers and lactating cows.
Materials and methods

Study animals and sample collection
A total of 231 Holstein-Friesian cows, including heifers (18-26 months old, n = 119) and lactating cows (3-6 years old, 137 ± 7 days in milk, 36 kg/day milk, n = 112), were used in this study. All cows were in good health and reared on two different dairy farms in Adana and Aydın provinces of Turkey. Ethics committee approval was received for all applications made in this research (reference number: #2012-51). Animals were synchronized by two intramuscular injections of PGF 2α (Lutelen, Topkim, İstanbul, Turkey) at 11-day intervals. Estrus was detected using three 30-min observation periods per day. Animals in standing heat were inseminated artificially. Blood samples (10 mL) were collected from coccygeal venipuncture into vacutainer tubes containing K 3 -EDTA as an anticoagulant (Vacutainer, Becton, Dickinson and Co., Franklin Lakes, NJ, USA) on day 25 (n = 61), 28 (n = 84), or 32 (n = 86) after insemination. The day of insemination was designated day zero.
The blood samples were centrifuged within 2 h for 20 min at 4000 rpm under ambient temperatures (20 °C) on the farms where the animals were reared. After centrifugation, plasma samples were frozen in Eppendorf tubes (1.5 mL) and transported on dry ice to the Dicle University Faculty of Veterinary Medicine laboratory and stored at -20 °C until analysis.
Ultrasonographic examination
Transrectal ultrasonography was carried out for each cow or heifer on days 25, 28, and 32 after insemination using a real-time B-mode ultrasound scanner (Scanner 480 Vet, Esaote/Pie Medical, Maastricht, the Netherlands) equipped with a 5/7.5-MHz linear endorectal transducer. Pregnancy was determined as positive based on the detection of anechoic allantoic fluid or a viable embryo. The ovaries were also examined for the presence of the corpus luteum. The cows and heifers were reexamined by transrectal ultrasonography on days 55-62 (30 days after collecting plasma samples) in order to confirm the pregnancy based on the detection of an embryonic heartbeat. Heifers and lactating cows determined by these successive examinations to be pregnant or nonpregnant were included in the study.
PAG-ELISA analysis
The pregnancy diagnoses based on PAG-ELISA analyses of plasma samples were performed in the Dicle University Faculty of Veterinary Medicine Laboratory using a commercial test kit (IDEXX Bovine Pregnancy Test Kit, Westbrook, ME, USA). The IDEXX Bovine Pregnancy Test Kit diagnoses pregnancy based on the PAG concentration in bovine plasma or serum. The working principle of the PAG-ELISA kit was described by Byrem et al. (13) .
Plasma PAG ELISA tests were conducted according to the manufacturer's instructions by trained technicians who were blinded to the pregnancy status of the heifers and lactating cows. Briefly, 100-µL plasma samples were added to 96-well ELISA plates commercially coated with monoclonal antibodies directed against bovine PAGs and incubated for 60 min at 37 °C. The wells were thoroughly washed using an automatic 8-channel plate washer (Flexiwash, Asys Hitech, Eugendorf, Austria) to remove all components other than those bound to antibodies. The wells were incubated with 100 µL of detector solution for 30 min at room temperature (RT). Following three serial washes, 100 µL of TMB substrate was added to the wells and incubated for 15 min at RT. Reactions were stopped with stop solution. Positive and negative controls were included in the ELISA procedure.
After stopping the reaction, the optical density of each well was read at a wavelength of 450 nm (Biochrom Anthos Zenyth 200rt microplate reader, Cambridge, UK). Results were calculated and expressed sample -negative (S -N) (with both values corrected by subtraction of the reference wavelength OD of the negative control). For plasma samples, if the result was ≥0.3 samples are classed as positive (pregnant), and those below 0.3 were classed as negative (nonpregnant). (14) .
Statistical analysis
A two-way analysis of variance (ANOVA) was used to assess the effects of the date of examination and animal status (heifers vs. lactating cows) on plasma PAG levels (based on optical density values). Differences among examination dates within the pregnant and nonpregnant groups were tested using one-way analyses of variance. Multiple comparisons between examination days were performed with Tukey's HSD test. SPSS 16.0 was used for statistical analyses. For all statistical analyses, P < 0.05 was considered significant.
Results
Among the 231 samples screened using the PAG-ELISA test, there were 95 correct positives, 125 correct negatives, 7 incorrect positives, and 4 incorrect negatives. Therefore, the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of the PAG-ELISA test were 95.9% (98%-93.7%), 94.7% (98.5%-90.6%), 93.1% (98%-88.2%), 96.9% (98.5%-95%), and 95.2% (98.3%-91.9%) among both heifers and lactating cows (Table 1) . Among nonpregnant animals, examination date and animal status (heifers vs. lactating cows) had no effect on plasma PAG levels (P > 0.05). In pregnant animals, there were significant effects of examination date and animal status (heifers vs. lactating cows) on plasma PAG levels (P < 0.001). The interaction between these two factors was also significant (P < 0.001). Among pregnant animals, plasma PAG levels obtained from heifers were higher than those from lactating cows (P < 0.001). Multiple comparisons between examination days within each animal status group (heifers vs. lactating cows) showed that plasma PAG levels increased from the 25th to 32nd days of pregnancy in heifers (P < 0.001). In contrast, no change in the plasma PAG levels of lactating cows was observed (P > 0.05) (Table 2; Figure) .
Discussion
Early pregnancy diagnosis in lactating cows is an essential tool for shortening calving intervals. Diagnosing pregnancy before days 30-35 after insemination using rectal palpation or transrectal ultrasonography is still done on dairy farms (15) (16) (17) . Alternatively, laboratory tests have been developed to diagnose early pregnancy by detecting PAGs released from binucleated cells of embryonic trophoblasts (18) (19) (20) .
The sensitivity and specificity of the PAG-ELISA test have been reported as 93.9%-100% and 66.7%-95.5%, respectively (10, 12, 21) . In the present study, we found the sensitivity and specificity of the PAG-ELISA test to be 95.9% and 94.7% in heifers and lactating cows, respectively. These results were consistent with those reported in the literature. However, test performances varied owing to differences among commercial kits, user experience, and individual variability in serum PAG concentration. These differences limit the reliability of PAG-ELISA for diagnosing pregnancy between the 26th and 30th days of pregnancy (19, 22) .
In a survey of 1673 dairy cows, Silva et al. (10) detected 29 incorrect negative results and estimated the negative predictive value of the test to be 97.1%. In accordance with those results, we observed four incorrect negative cases between the 25th and 32nd days after insemination, which suggested a negative predictive value of 96.9%. Incorrect negative findings might result from low and varying levels of PAGs among different individuals between the 25th and 32nd days (19) . After conception, PAGs can be detected in maternal blood as early as 22 to 24 days after insemination. Their concentration increases during pregnancy and reaches the highest level before calving (18) (19) (20) . Therefore, the sensitivity of the test is expected to increase as pregnancy progresses, while the rate of incorrect negative results is expected to decrease. Accordingly, Szenci et al. (23) reported that the sensitivity of the PAG-RIA test before the 29th day after insemination is lower than that observed on subsequent days, and it is nearly 100% on the 37th day. Increases in the sensitivity of the test have been associated with increasing PAG levels in maternal blood. The mean plasma PAG levels observed in the present study also increased from the 25th to 32nd days. Therefore, the sensitivity of the test increased with plasma PAG levels, while the frequency of incorrect negative results decreased. It has been reported that incorrect positive results are more likely to be obtained during the early postpartum period (10) . In the present study, we observed seven incorrect positive results among 231 samples between the 25th and 32nd days, of which three were on the 25th day. Incorrect positive results might be obtained shortly after embryonic death, before PAG levels in maternal blood fall below the threshold for detection using the ELISA test. The half-life of PAGs in maternal blood after induced embryonic death has been reported to be 2.7 to 7 days (24,25). Therefore, incorrect positive results from the PAG-ELISA test may sometimes be due to embryonic death or fetal loss. However, the incorrect positive results in the present study were not associated with embryonic death, since no pregnancy loss was observed.
One other potential cause of incorrect positive results from the PAG-ELISA test may be residual PAGs from previous pregnancies. Kaya et al. (26) indicated that the clearance of PAGs from plasma is completed within 45 days after calving in dairy cows. Thus, measuring PAG levels to determine pregnancy loss does not seem to be feasible in practice, since PAGs can still be detected in circulation even if the cow is no longer pregnant. Zoli et In the present study, the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of the PAG-ELISA test were higher for heifers than for lactating cows. While plasma PAG levels increased significantly over time in heifers, i.e. from day 25 to 28, they did not change in lactating cows. Furthermore, plasma PAG levels in heifers were significantly higher than those in lactating cows. Because PAGs can be detected in milk (27) and there was a negative correlation between plasma PAG levels and milk yield (28) , lower plasma PAG levels in lactating cows may be explained by the removal of PAGs from the plasma owing to their excretion in milk.
Although the sensitivity, specificity, and accuracy of pregnancy detection using the ELISA test were acceptable in both groups, the performance of the test was superior in pregnant heifers compared to lactating cows. We conclude that the PAG-ELISA test is sufficiently specific and sensitive for diagnosing pregnancy on dairy farms and can be used as a different method for pregnancy diagnosis.
